complexation process. The magnitude of the chemical shift upon cesium complexation with cryptand 222 (which has a tridimensional cavity) is much larger than with the flexible 18-crown-6. The NMR chemical shift for Cs + inside a cavity may be correlated to the configuration of the complex and the tightness of the fit.
Our collaborator, Clem Yonker at Pacific Northwest National Lab (PNNL), recently developed simple techniques for NMR studies in supercritical fluids. 5, 6 In Yonker's method, a hand pump is used to deliver the desired high pressure and to transport the dissolved solute in a fused-silica tubing placed in the NMR probe. Because capillary tubing can stand very high pressures, this technique is safe and capable of performing NMR experiments up to several kilobars. Yonker's technique will be used to start our NMR experiments (proton, 
II. Experimental Results

First extraction experiments
As a preliminary step, we began to investigate extraction of Cs + from an aqueous solution into chloroform using crown ethers as the extracting agent. However, there is no such study involving an organic phase of low dielectric constant.
In chloroform the solubility of Cs salts is very slight. This is in contrast to studies involving more polar solvents for which easily measurable concentrations of Cs salt in the organic phase could be obtained. Our studies so far have employed Cs picrate, which will subsequently be called CsX.
When an aqueous solution of CsX is equilibrated with chloroform containing an extracting ligand L, a series of equilibria will occur. First, the salt will be distributed between the two phases:
Because of the low dielectric constant of chloroform, ionization of CsX in the organic phase is negligible; the species should be considered to be an ion pair. This equilibrium will of course lie heavily on the aqueous side.
Next, interaction of CsX with the ligand L leads to a complex:
Most of our work so far has employed the crown ether dicyclohexano-18-crown-6. With this ligand an additional equilibrium occurs:
These equilibria have been studied separately.
NMR measurements
Measurement of solution concentrations has been carried out by nuclear magnet resonance (NMR) using a Bruker DRX500 spectrometer available in the chemistry department, University ] and [CsX (aq) ] for low [CsX (aq) ] (Fig. 2) . The apparent falloff of [CsX (org) ] at higher [CsX (aq) ] requires further confirmation. is at least reasonable. At this point, however, the problem of measuring this constant is not resolved.
The equilibrium CsX
The role of water in the CsX-ligand equilibria
In an early set of experiments, we compared the introduction of CsX into a chloroform phase containing dicyclohexano-18-crown-6 by two methods: (1) equilibrating the chloroform phase with solid CsX, and (2) equilibrating the organic phase with an aqueous solution of CsX.
We estimated the equilibrium constant K 2 from the proton and Cs NMR spectra, using consistent assumptions for the Cs chemical shifts of pure species. We found that K 2 differed by about an order of magnitude for the two circumstances. While differences are to be expected in general terms, we wanted to get a more detailed picture of the role of water in the equilibria.
To this end we are studying the equilibration of solutions of crown ethers in chloroform with a pure water phase, with no Cs salt present. Water has a slight but significant solubility in complexes, but that is yet to be determined.
As an offshoot of this project, we will study the extraction of water into pure organic phases (including eventually supercritical carbon dioxide) using various crown ethers.
Extraction of cesium with crown ethers in supercritical carbon dioxide
Some preliminary extraction experiments have been carried out to investigate the feasibility of extracting Cs containing dicyclohexano-18-crown-6. The results will be presented at the forthcoming National ACS meeting to be held in New Orleans in August.
III. Future Studies
We will start the supercritical fluid NMR studies this summer. The first system to be examined will be the crown ether/H systems. Other counteranions including the perfluorinated carboxylic acid pentadecafluoro-n-octanoic acid will also be studied instead of picrate in the systems discussed above.
Proton NMR should be sensitive enough for the proposed NMR studies using the capillary tubing technique.
133
Cs NMR may not be sensitive enough for supercritical CO2 studies because of the limited solubilities of regular Cs-crown ether complexes in the fluid phase.
Some fluorinated calixarene-crown ethers should be ready for our tests this summer. It is hoped that the solubilities of the fluorinated calixarene-crowns will be sufficient for the proposed 133 Cs NMR studies.
